Introduction
The number of people over the age of 60 has increased, and it is expected to double by 2050 [1] as are old-age dependency [1, 2] . Nursing home admission has become a social answer to older adults' care needs [3] . However, this tends to exacerbate the usual disability and dependence associated with the ageing process [4, 5] . According to Volkers and Scherder [6] institutionalized nursing home residents show mainly sedentary or passive behavior. This lack of stimulation and activity has a negative impact on physical and cognitive functioning (including executive function) [5, 6] which, in turn, is associated with falls and injuries, and increased disability/dependence in the performance of activities of daily living [5, 7, 8] . These issues are intrinsically connected with quality of life [9, 10] and one of the main wishes of nursing home residents and their care providers is to revert the usual disability, and dependence trajectory [11] .
The research community has been looking for effective solutions to these problems highlighting the health and well-being relevance of physical activity [12] . Several studies have shown that physical exercise programs have a beneficial and effective impact on the health, and on physical and cognitive functioning of frail older adults [13] . Cognitive programs also have benefits for these persons [14, 15] . However, recent research suggests that multimodal programs, which combine different types of exercises such as physical and cognitive, may have additional benefits [16] [17] [18] . Nonetheless, only a few studies have focused on this matter, specifically targeting older adults institutionalized.
Despite the proven benefits of exercise programs, an obstacle to older adults' adherence to such programs is their inability to accomplish each session without stopping [19] .
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In accordance, this study aimed to examine the feasibility and the effect of a new psychomotor intervention-a multimodal exercise program promoting simultaneous cognitive and motor stimulation-on the executive and physical functioning of older adults institutionalized in nursing homes.
Methods
This pilot study was quasi-experimental and included a sample of convenience. Two groups of older adults living in four nursing homes (Portugal) were compared: one group attended a 10-week multimodal exercise program, and the other maintained the usual nursing home activities. The nursing homes have similar characteristics (such as size, services, and staff), and their residents were similar age, social-cultural status, and education. Two nursing homes were assigned to attend the multimodal program and the other two assigned to control. Therefore, participants from two nursing homes were allocated to the experimental group (EG), and participants from the other two nursing homes were allocated to the control group (CG). Participants were evaluated at baseline and after 10 weeks. At the end of the study, those in the CG were offered the multimodal exercise program.
Participants
Forty-two older adults were assessed for eligibility (Fig. 1) . Inclusion criteria were residing in a nursing home; ≥65 years old; absence of severe cognitive impairment in accordance with the Folstein Mini-Mental State Examination (≤9 points) [21] ; absence of visual deficit hindering identification of the test symbols; and absence of physical disabilities compromising the multimodal program attendance (such as inability to walk, stand, or manipulate objects) or health conditions diagnosed as a high risk for exercising. A nurse, blind to group allocation, selected the participants meeting the inclusion criteria (n = 34). Six volunteers were excluded and two decline to participate. The EG included 2 men and 15 women and the CG included 3 men and 14 women. During the intervention period, two participants from the EG declined to participate and one dropped out due to a stroke.
Intervention
The EG attended a psychomotor intervention by performing a 10-week multimodal exercise program. Each class session was 70 min, twice a week at the nursing home. Each session included: beginning ritual (5 min), warm-up (10 min), main section comprising the multimodal exercises (40 min), cool-down (10 min), and finishing ritual (5 min). The multimodal section included exercises promoting simultaneous motor and cognitive stimulation. In each session, periods ranging 10-15 min of exercises mainly focused on motor stimulation-cardiovascular, strength, and motor fitness training (balance, co-ordination, flexibility, and agility)-were alternated with exercises mainly focused on cognitive stimulation-planning ability, attention, and memory (problem resolution, attention and memory tasks, and games-using participants own body and exploring the classroom space). Activities promoting self-esteem, self-image, and a positive group dynamicfavoring the collaboration among all participants-were conducted. Many participants were taking beta-blocking drugs or other medications affecting heart rate, and were not able to use the Borg Scale to control the training intensity. Therefore, exercise intensity and tolerability were supervised by means of a systematic observation, with an emphasis on participants' respiratory response to dialogue during exercise performance. In cases where the exercise intensity was not perceived as tolerable by the participants, the intensity was reduced until being perceived as comfortable. In addition, the difficulty of some cognitive tasks was individualized in accordance with the participant ability (ex. to identify more or less difficult differences between two figures). In each session, the therapist brings the participants to the class, and checked the cause for absenteeism. The intervention was conducted by a graduated in psychomotor therapy. All sessions were previously planned to be equal in both institutions.
The CG participants maintained their usual nursing home activities during the intervention period. Participants were blind to the study's objectives.
Outcome measures
Measures were performed individually on the nursing homes. They comprised executive function (planning ability and attention), physical function (aerobic endurance lower body strength, agility, gait balance, and mobility), and descriptive data (body composition and socio-demographic characteristics). Cognitive variables were evaluated in a quiet and reassuring room. Participants' evaluation was conducted by three experts with academic degree in sports or rehabilitation sciences who attended a course on the published protocols. Each test was conducted by the same researcher at baseline and post-intervention evaluations-one research evaluated executive function, other evaluated physical function and body composition, and the third interviewed the participants and filled out all the questionnaires. The three evaluators were blind to the study's objectives.
Planning ability was evaluated by the Tower of London (TOL) using the methodology proposed by Krikorian et al. [22] . Participants performed the first 8 problems (out of 12) of the TOL due to their frailty. Assessments comprised: number of solved problems (0-8); number of problems solved at the first attempt (0-8); planning time (s); execution time (s); total time (s); and total score, ranging from 0 (worst) to 24 (best) points.
Selective and sustained attention was assessed by the d2 test of attention [23] . In this study, all participants were asked to identify and mark the d symbol instead of the d letter, because some of them never attended school. Assessments comprised: number of items processed; number of items recognized correctly; number of omission errors; number of commission errors; number of total errors; number of items scanned minus total errors; concentration index; fluctuation rate; and percentage of errors.
Aerobic endurance (m), lower body strength (rep), and agility (s) were assessed by the senior fitness test, namely by the 6-min walk test, 30-s chair stand test, and 8-foot upand-go test, respectively [4] . Gait and balance abilities were assessed by performance-oriented mobility assessment [24] . Gait score ranged from 0 (worst) to 12 (best) points, balance score ranged from 0 (worst) to 16 (best) points, and mobility score (sum of gait and balance scores) ranged from 0 to 28 points.
Body composition was assessed by means of body mass index (BMI: kg/m 2 ). Body weight (kg) and standing height (m) were measured using an electronic scale (Secca Bella 840, Hamburg, Germany) and a stadiometer (Secca 770, Hamburg, Germany), respectively. Socio-demographic characteristics were assessed by a questionnaire including data regarding chronological age, educational level, gender, and marital status.
Statistical analysis
The data set was set up by assigning a code to each participant ensuring privacy and confidentiality. In addition to observed values, the difference between postintervention and baseline results was computed for all variables (Δ = post − pre), as well as the proportional change between post-intervention and baseline results [(post − pre)/pre] × 100. Dropouts and missing data were managed using an intention-to-treat procedure in which missing values were replaced using regression imputation [25] .
The program effects were computed by comparisons between and within groups. Parametric statistic assumptions were tested. The Shapiro-Wilk test evidenced that the studied sample does not show a normal distribution concerning almost all variables. Therefore, comparisons between groups were performed using the Mann-Whitney U test, and comparisons within group (post-intervention vs. baseline) were performed using the Wilcoxon test.
Clinical significance was established with regard to treatment effect, calculated using Cohen's method [26] , such that the pre-post-effect size was computed as: (posttest mean-pre-test mean)/pre-test standard deviation. An effect size <0.3 was small, a range from 0.30 to 0.80 was medium, and >0.80 was large [26] . With regard to the variables in which an improvement corresponded to a decrease in the number of units (as in the case of the time spent on the test performance), it was considered the |effect size|.
Statistical analyses were performed using the SPSS software package (Version 21.0 for Windows, SPSS, Chicago, IL, USA). The statistical significance was set as p < 0.05.
Results
A total of 31 participants completed this pilot study; 28 were single (unmarried, divorced, or widowed) and 3 were married. They were 66-93 years old (82.
2 ) on body mass index (BMI), and attended 0-4 years (1.5 ± 1.9 years) of schooling. The number of chronic health was 3.5 ± 1.6, of which the most common were cardiovascular diseases and diabetes. Those who declined to participate or dropped out of the study did not differ from the participants who concluded the study with regard to the variables mentioned above. The completion rate of the 20 intervention sessions ranged from 65 to 95%. The causes for absenteeism were: medical consultations, acute disease episodes and two falls without fracture. The systematic observation showed that, initially, participants had difficulty to engage in all session exercises. In such case, the participants rested or exercised at lower intensities than the planned. At the end of the program all participants were able to perform the session activities. The program was noted to be safe and well tolerated by the participants.
At baseline, both groups showed similar results in almost all executive function variables ( Table 1 ). The exceptions were the variable 'execution time' of the TOL, in which the EG spent ~8.4 more seconds on the test performance than the CG; the variable 'items recognized correctly' of the d2 test, in which the EG recognized correctly ~19 fewer characters than the CG; and the variable 'concentration index' of the d2 test, in which the EG showed a ~30 lower index than the CG (p < 0.05). Means and standard deviation values showed a high variance on executive function variable results.
At post-intervention evaluation, comparison between groups only evidenced differences in the variable 'execution time'; of the TOL, but, at this time, the EG only spent ~5.6 more seconds on the test performance than the CG (p = 0.021). However, comparison between groups regarding Δ variables showed differences between groups in planning ability (TOL) in 'Δ solved problems' (EG 1.7 ± 1.3 vs. CG −0.1 ± 1.5, p = 0.001) and 'Δ total score' (EG 3.6 ± 3.2 vs. CG 0.4 ± 4.0, p = 0.019), and in selective and sustained attention (d2 test) in 'Δ items recognized correctly' (EG 10.8 ± 16.5 vs. CG −2.6 ± 14.9, p = 0.027) and 'Δ concentration index' (EG 13.0 ± 15.6 vs. CG −6.1 ± 22.7, p = 0.013).
Within-group comparisons evidenced that the EG participants significantly improved from baseline to postintervention. These improvements are highlighted in Fig. 2 with regard to the proportional change in planning ability variables: 'solved problems' (32.1%, p = 0.001), 'solved problems at first attempt' (25.0%, p = 0.017), and 'total score' (27.2%, p = 0.001); selective and sustained attention also improved concerning the variables: 'items recognized correctly' (28. At baseline, both groups showed similar results in all physical function variables (Table 2 ). Means and standard deviation values showed a high variance on these Within-group comparison showed significant improvements only for the EG (Fig. 2) . Improvements were observed in the proportional change of 'aerobic endurance' (10.7%, p = 0.004); 'lower body strength' (40.7%, p = 0.003); 'agility', in which a time reduction means a recovery (−15.6%, p = 0.004); 'balance' (25.8%, p < 0.001); 'gait' (19.1%, p = 0.002); and 'mobility' (23.4%, p < 0.001). The exercise program effect sizes concerning these variables were 0.29 in 'aerobic endurance', 0.84 in 'lower body strength', 0.21 in 'agility', 1.11 in 'balance', 0.63 in 'gait', and 0.98 in 'mobility'.
Discussion
This pilot study showed that the designed multimodal exercise program was feasible and well tolerated by participants. Moreover, the program promoted clinical significant improvement in both executive and physical functioning variables. Particularly, the program induced improvements on planning ability (medium to high), on selective and sustained attention (medium), and on aerobic endurance, strength, agility, gait, balance, and mobility (small to high). These results provide evidences that the exercise program was able to revert the typical loss of executive and physical functioning observed in older adults institutionalized in nursing homes [5, 6] . In fact, the average improvement percentage induced by the multimodal program, ranged from 10.6% in the variable 'aerobic endurance' to 67% in the variable 'concentration performance'.
To our knowledge, the present study is the first to investigate the impact of a multimodal program on the planning ability of older adults institutionalized in nursing homes measured by TOL. However, there are other studies that focus planning ability, such as the study of Nishiguchi et al. [27] , which used the trail-making test to examine the effect of a 12-week physical and cognitive exercise program in community-dwelling older adults on executive functioning. Study which reported that the experimental group improved 30 .3% on the test performance (changed from 43.6 ± 26.1 to 30.4 ± 16.1 s). Indeed, several studies [17, [28] [29] [30] have reported that the work developed in cognitive, physical, and, especially, multimodal programs promotes an increase in neuroplasticity, an improvement in the brain function of older adults, and the transference of the cognitive improvements induced by the interventions (such as planning ability) for daily life activities. In accordance with present and those studies' findings, the multimodal program used in our study would likely induce a neural efficiency, manifested by the observed increase in the ability to solve problems (achieving 32%), which could be transferred to daily life activities.
Regarding selective and sustained attention, improvements induced by the multimodal program were evidenced mainly by an increase in the concentration index, reflecting an increase in the number of items recognized correctly on the d2 test and a decrease in the number of errors. Moreover, the fluctuation rate on the test performance decreased. This reveals that the variation between minimum and maximum outcomes on the test's task decreased, reflecting a greater consistency in the test performance [23] . There are only a few studies addressing the effect of intervention programs on selective and sustained attention, specially focusing on community-dwelling older adults, such as the study of Linde and Alfermann [31] , which examined the impact of a single program (physical or cognitive) and a multimodal program on these variables (twice a week: first session − 30-min cognitive exercise + 60-min physical exercise; second session − 60-min physical exercise). The intervention effect of our 10-week multimodal program on the concentration index (0.49) of the nursing homes residents was similar to the effect of the 16-week physical program of Linde and Alfermann [31] but lower than the effect of their 16-week multimodal program (0.64). However, given the different intervention periods (10 vs. 16 weeks) and the different participant characteristics (82.4-year-old unhealthy institutionalized older adults vs. 67.1-year-old healthy older adults) of both studies, our results suggest that a multimodal program featuring simultaneous motor and cognitive stimulation and alternating periods mainly focused on motor or cognitive stimulation in each session may optimize the selective and sustained attention of older adults residing in nursing homes.
Analyzing physical function results, the present study's multimodal program succeeded in improving aerobic endurance (11%), agility (16%), and lower body strength (41%). This is important, because these physical abilities determine the capacity to perform daily life activities and, therefore, have a positive effect on older adults' independence [4] . For example, in accordance with Pereira et al. [8] , the observed improvement in these variables would induce a recovery of the capacity to perform one activity of daily life (e.g., go to the bathroom without assistance). The main improvement induced by the multimodal program was in mobility (23.4%), particularly in balance (19%) and gait (26%), in which the exercise program effect size reached the maximum of 1.11. According to the literature, this improvement in mobility would decrease the risk of falling and injuries of nursing home residents, as well as these persons' fear of falling [7, 18, 24] . Comparisons between studies evidenced that our 10-week multimodal program has promoted an improvement in aerobic endurance and lower body strength similar to the improvement induced by the 9-week exercise (aerobic and strength) program of Bossers et al. (effect sizes: 0.38 and 0.36, respectively) [32] . However, our program induced a higher improvement in these variables than their walking program, which was not able to induce significant improvements in aerobic endurance and strength. In fact, our program induced similar or higher improvement in mobility and agility than longer lasting programs, such as the 36-week physical multicomponent exercise program of Mulasso et al. [33] , which induced an improvement of 19% in the mobility (effect size: 0.93) and 15% in the agility (effect size: 0.81) of nursing home residents.
There are some studies targeting nursing home residents that investigated the effect of other programs on cognitive and motor variables, such as the studies of Li et al. [29] and McDougall et al. [34] . However, clinical significance of the studies interventions could not be compared, because there were different measuring instruments and variables. There are only a few studies reaching the effect of multimodal programs combining cognitive and motor stimulation among institutionalized or non-institutionalized older adults [16] , and they mainly focus on dual task, such as the study of McDougall et al. [34] . To our knowledge, our study was the first examining the impact of a psychomotor intervention which alternates periods (10-15 min) of exercises focused mainly on motor or cognitive aspects. The program was well tolerated by the nursing home residents, such that the causes for dropout and absenteeism were external to the program (e.g., acute disease episode). The psychomotor intervention contributed to countering the typical sedentary lifestyle of nursing home residents [6] and improved variables which determine the occurrence of falls, physical independence, and quality of life [5, 8] . Therefore, we wonder if the implementation of this type of intervention [11] , by inducing the demonstrated benefits, if not providing some older adults a way out of the nursing home, would at least improve their quality of life.
This pilot study has several limitations such as the small sample size (regardless of being similar to others [7, 31] and the replacement of missing values), and the high variance observed in the variables analyzed. Moreover, although the CG and EG were similar at baseline, participants' allocation to the groups was not randomized. These issues limit the study's statistical power, and thus, a larger study would be necessary to confirm and generalize the findings of this pilot study to other work sites. Adherence to the program sessions (median: 80%) was similar to that observed in studies [31] with equal participants (median 81%; mean 84%), but is low when compared to that observed in younger participants (median 91.7%) [27] which probably affected the impact of the intervention. Furthermore, future research should differentiate groups considering participants' level of functionality, because some exercise demands may have been low for higher functioning older adults. This would minimize eventual bias. Finally, the present investigation did not assess the sustainability of the program effects after its cessation. Future studies should include a post-intervention follow-up in their design.
Conclusions
This pilot study showed that the multimodal exercise program was feasible and well tolerated, promoting improvements in executive function (planning ability and selective and sustained attention) and physical function (aerobic endurance, lower body strength, agility, and mobility: balance and gait). The program added positive effects on these variables ranging from small to high. These results provide preliminary evidence that the program was able to revert the usual loss of cognitive and motor abilities in older adults institutionalized, and demonstrate that multimodal exercise programs may help to maintain or improve these persons functioning.
